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MEANS AND METHOD FOR DETERMINING
CHEMICAL OXYGEN DEMAND

The mvention relates to a means and a method for the
photometric determination of the chemical oxygen demand
of chloride-containing samples.

The chemical oxygen demand (COD) 1s, as sum parameter,
a measure of the sum of all substances present in water which
can be oxidised under certain conditions. It indicates the
amount of oxygen (1n mg/1) which would be required for their
oxidation 1f oxygen were the oxidant. The method 1s also,
under the name “Cr-VI oxidisability” (chromate consump-
tion 1f this were the oxidant), compared with the potassium
permanganate consumption (“Mn-VII oxidisability™).
Besides this use as a measure of the concentration of chemi-
cally oxidisable substances in water, the chemical oxygen
demand 1s also used as a measure of the chemically oxidisable
substances which are released 1nto the waste water 1n the case
of the production of an amount of product (g/kg ol product) or
which are disposed of 1n a time period (t/a, tonnes per year).

In order to determine the COD, a water sample 1s strongly
acidified using sulfuric acid and heated with a prespecified
precise amount of the strong oxidant potassium dichromate
(K,Cr,O-) with addition of silver sulfate as catalyst.

DIN 38409-41 (also DEV H41) describes the determina-
tion of the COD by means of titration. This standard
describes, under method 41-1, a titrimetric method {for
samples having a chloride content up to 1000 mg/1.

Under method 41-2, a method 1s described for the reduc-
tion 1n the chloride content of samples having a chloride
content above 1000 mg/l. After the reduction in the content,
the COD can be determined by means of titration as described
under 41-1.

In particular for momitoring the COD 1n sewage treatment
plants and other water-treatment facilities in which a labora-
tory and trained laboratory personnel 1s not available, how-
ever, the COD determination 1s usually carried out by means
of so-called cell tests (rapid methods). These test kits can also
be used 1n the case of little prior knowledge, already contain
all necessary reagents and require only little laboratory equip-
ment. In this method, the dichromate consumption i1s not
determined titrimetrically, but instead photometrically.

DIN ISO 15705 describes the photometric determination
of the COD by means of the cell test. However, this determi-
nation 1s restricted to samples having a chloride content of
max. 1000 mg/1.

COD cell tests are available from various suppliers which,
through variation of the sample/reagent ratio and an increase
in the mercury (II) sulfate amount 1n the reagents, enable
determination of samples having a chloride content up to
5000 mg/]1 at the same time as a COD content of up to 2000
mg/1.

Pre-dilution of the samples with dist. water and dilution of
the samples with reagents also enable a higher chloride tol-
erance to be achieved, but the COD content of the sample 1s
also diluted at the same time. This procedure 1s therefore not
suitable for samples having a low COD content.

A sample having a COD content of below 2000 mg/1 and a
chloride content above 5000 mg/1 cannot to date be analysed
by means of a cell test. Only the significantly more complex
titration method 1s available for this purpose. The reason for
this restriction 1s that samples having a chloride content of
above 5000 mg/l must firstly be reduced 1n content 1n accor-
dance with DIN 38409-41, method 41-2. According to the
standard, 25 ml of concentrated sulfuric acid are for this
purpose added to 20 ml of the analysis sample, and the mix-
ture 1s stirred for a number of hours. The chloride 1s thus
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expelled as hydrogen chloride. The sulfuric acid sample
thereby obtained 1s not suitable for determination of the COD
by means of the cell test 1n accordance with DIN ISO 15705.

However, this represents a severe restriction of the appli-
cability of the cell test, since, for example, chloride-contain-
ing industrial waste water or sea water samples cannot to date

be investigated by means of a cell test 1n accordance with DIN
ISO 15703.

The object of the present invention was therefore to provide
a cell test, preferably using simple, ready-to-use reagents,
which 1s also suitable for starting samples having a COD
content of below 2000 mg/1 and a chloride content above 5000
mg/l. After reduction of the chloride content for the COD
determination, these samples have a high sulfuric acid con-
tent.

It has now been found that a certain composition of the
reagent solution for the cell test makes this also suitable for
determination of the COD 1n samples 1n which the chloride
content has been reduced. In addition, 1t has been found that
the reagent solution according to the invention enables for the
first time the photometric determination of the COD content
of, for example, samples 1n which the chloride content has
been reduced 1n accordance with DIN 38409-41-2 by means
of a reagent solution which does not contain any toxic mer-
cury (II) suliate.

The present invention therefore relates to a cell containing,
a reagent solution at least consisting of

potassium dichromate (K,Cr,O-)

silver sulfate (Ag,SO,)

water

sulfuric acid
characterised 1n that the sulfuric acid content 1s between 20
and 50% (w/w).

In a preferred embodiment, the cell can be sealed revers-
ibly.

In an embodiment, the reagent solution additionally con-
tains mercury (II) sulfate (HgSO,,).

In a preferred embodiment, the reagent solution consists
only of 0.1 to 2.5% by weight of potassium dichromate
(K,Cr,0,),0.1to 2% by weight of silver sulfate (Ag,SO,), 20
to 50% by weight of sulfuric acid and water.

In a preferred embodiment, the reagent solution 1s prepared
by mixing at least one solution which contains at least potas-
sium dichromate and water, but no silver sulfate and no mer-
cury(Il) sulfate, and a solution which contains at least silver
sulfate and sulfuric acid, but no mercury sulfate and no potas-
sium dichromate.

The present invention also relates to a method for the
determination of the COD content in chloride-containing
samples by

a) expulsion of the chloride 10ns from the sample by treat-
ment of the sample with sulfuric acid

b) mixing of at least some of the sample obtained from step
a) with a reagent solution at least consisting of

potassium dichromate (K,Cr,0O-)

silver sulfate (Ag,SO,)

optionally mercury (II) sulfate (HgSO,)

water

sulfuric acid
where the sulfuric acid content 1s between 20 and 50% (w/w)

¢) incubation of the mixture from step b) for at least 20
minutes at a temperature above 100° C.

d) photometric determination of the COD content of the
mixture from c)

In a preferred embodiment, method steps b) to d) are car-
ried out 1n a cell which can be sealed reversibly.
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In a preferred embodiment, the expulsion in step a) 1s
carried out using concentrated sulfuric acid.

In a preferred embodiment, the incubation 1n step ¢) 1s
carried out for 20 to 150 minutes at a temperature between
140 and 180° C.

In a preferred embodiment, the sample and the reagent
solution are mixed 1n step b) in a sample : reagent solution
volume ratio between 5:1 and 2:1.

In a preferred embodiment, the reagent solution consists
only of 0.1 to 2.5% by weight of potassium dichromate
(K,Cr,0-,), 0.1 to 2% by weight of silver sulfate (Ag,S0,), 20
to 50% by weight of sulfuric acid and water.

In a preferred embodiment, the reagent solution 1s prepared
by mixing at least one solution which contains at least potas-
situm dichromate and water, but no silver sulfate and no mer-
cury (II) sulfate, and a solution which contains at least silver
sulfate and sulfuric acid, but no mercury sulfate and no potas-
sium dichromate.

In a preferred embodiment, the photometric determination
in step ¢) 1s carried out by measurement of the absorbance at
a wavelength 1n the range from 300-700 nm.

In a further preferred embodiment, sulfuric acid having a
COD content of less than 5 mg/l 1s employed for the prepa-
ration of the reagent solution.

In a further preterred embodiment, sulfuric acid having a
COD content of less than 5 mg/11s employed for the reduction
in the chloride content, preferably carried out in accordance
with DIN 38409-41-2.

In accordance with the invention, a cell 1s a vessel 1n which
photometric measurements can be carried out. Cells typically
consist of quartz, glass or plastic and have at least two plane-
parallel side surfaces or are round. Preference 1s given to
round cells. In addition, preference 1s given i1n accordance
with the mvention to cells which can be sealed reversibly.
These cells which can be sealed reversibly and preferably 1n
a gas-tight manner can be used directly as vessel for carrying
out the method according to the ivention. To this end, the
cells can already be filled with the reagent solution and stored.
The sample can then be added, and the cell can be resealed
tightly for the incubation and the subsequent method steps.
In order to determine the COD rehiably and comparably,
extremely constant reaction determinations must be present.
These reaction conditions are specified, for example, by the
DIN standards DIN 38409-41 and DIN ISO 15703. The per-
formance of a COD determination 1s generally known to the
person skilled 1n the art. Details are given 1n the DIN stan-
dards.

The method according to the invention 1s also suitable, 1
constant reaction conditions are maintained, for the determi-
nation of the COD with a sensitivity and constancy compa-
rable to the DIN standards.

While samples having a chloride content above 5000 mg/1
could hitherto only be measured reliably titrimetrically, this
can 1n accordance with the invention now also be carried out
photometrically. It has been found that a reduction in the
sulfuric acid content 1n the reagent solution also makes
samples having a high sulfuric acid content suitable for pho-
tometric measurement. To date, 1t was regarded as difficult
reliably to prepare reagent solutions having a lower sulfuric
acid content, since the solubilities of potasstum dichromate
(K,Cr,0,), silver sulfate (Ag,SO,) and mercury (II) sulfate

also change considerably with a change 1n the sulfuric acid
content.

The reagent solution according to the invention contains at
least potassium dichromate (K,Cr,0O,), silver suliate
(Ag,SO,), water and sulfuric acid, where the sulfuric acid
content 1s between 20 and 50% (w/w).
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In a preferred embodiment, the potassium dichromate
(K,Cr,O,) content 1n the reagent solution 1s between 0.1 to
2.5% by weight and the silver sulfate (Ag,SO,) content 1s
between 0.1 to 2% by weight.

The reagent solution may optionally also contain mercury
(II) sulfate.

In a particularly preferred embodiment, the reagent solu-

tion consists only of 0.1 to 2.5% by weight of potassium
dichromate (K,Cr,0,), 0.1 to 2% by weight of silver sulfate

(Ag,S0,), 20 to 50% by weight of sulfuric acid and water.
It has now been found that particularly reproducible results
are obtained with reagent solutions according to the invention
which contain at least potassium dichromate (K,Cr,O-), sil-
ver sulfate (Ag,SQO,), sulturic acid and water and optionally
mercury (I1I) sulfate and have been prepared by mixing at least
two individual solutions. An individual solution here contains
at least potasstum dichromate and water, but no silver sulfate
and no mercury (II) sulfate. The other individual solution
contains at least silver sulfate and sulfuric acid, but no mer-
cury sulfate and no potassium dichromate. This individual
solution particularly preferably contains silver sulfate and
concentrated sulfuric acid. Ifthe reagent solution additionally
contains mercury sulfate, a third individual solution 1s pre-
pared which contains at least mercury (1I) sulfate, water and
sulfuric acid, but no silver sulfate and no potassium dichro-
mate. This third individual solution particularly preterably
contains mercury (II) sulfate 1n 5 to 25% sulfuric acid (v/v).
Preferred compositions of the individual solutions for the
preparation of the reagent solution according to the invention
are:
between 10 and 20% (w/w) ol Hg sulfate 1n dilute aqueous
sulfuric acid (between 10 and 20% (w/w))
between 2.5 and 7.5% (w/w) of silver sulfate 1n concen-
trated sulfuric acid (92% (w/w))
between 2.5 and 5% (w/w) of potassium dichromate 1n
water

Particularly preferred compositions are:
15.5% (w/w) Hg sulfate 1n dilute 14.5% (w/w) sulfuric acid

4.3% (w/w) silver sulfate in 92% (w/w) sulfuric acid

3.6% (w/w) potassium dichromate in water

The individual solutions are then mixed for the preparation
of the reagent solution according to the invention.

The reagent solution according to the invention 1s particu-
larly suitable for determination of the COD in samples 1n
which the chloride 10ons have previously been expelled by
treatment with sulfuric acid. The method for the expulsion of
chloride 10ons using sulfuric acid 1s known to the person
skilled 1n the art. Details can be found in DIN 38409-41,
method 41-2. If the method for the expulsion of chloride 1s
carried out 1n accordance with the provisions of DIN 38409-
41, method 41-2, a reduction to a residual chloride content of
a maximum of 2 ppm 1s typically achieved.

The method for the expulsion of chloride using sulfuric
acid has to date usually only been used 1n the case of samples
having a chloride content above 1000 mg/l. Samples having a
chloride content below 1000 mg/1 are usually treated with a
reagent solution which contains mercury (I1I) sulfate. Mercury
(II) sulfate masks chloride 10ons present in the sample. How-
ever, mercury (II) sulfate 1s very toxic and harmiul to the
environment. The use of mercury (1) sulfate should therefore
be avoided as far as possible.

The method according to the invention now offers the
possibility of determining the COD of chlornde-containing
samples photometrically without using mercury (1) sulfate.
To this end, the chloride-containing sample—irrespective of
whether 1t has a chloride content above or below 1000 mg/1—
1s firstly treated with sulfuric acid 1n order to expel the chlo-
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ride 10ons. The photometric determination of the COD 1s sub-
sequently carried out using the reagent solution according to
the mnvention. Addition of mercury (1I) sulfate to the reagent
solution 1s generally unnecessary, since the expulsion using
sulfuric acid reduces the chloride content of the sample so
much that the chloride remaining in the sample 1n extremely
small amounts does not impair the further measurement.

In order to achieve adequate measurement accuracy, in
particular in the case of low COD values, the sample 1s diluted
as little as possible.

In order to expel the chloride, the sample 1s typically mixed
with the sulfuric acid 1n a sample: sulfuric acid volume ratio
between 1:2 and 2:1. It the procedure of the DIN standard 1s
followed, 20 ml of the sample are mixed with 25 ml of
concentrated sulturic acid. The mixture 1s then typically
stirred for 1 to 3 hours, preferably about 2 hours. An absorber
cartridge containing absorber material, such as, for example,

soda lime, 1s preferably attached to the reaction vessel.
Details can be found 1n DIN 38409-41, method 41-2.

After the expulsion, not all, but instead only part of the
sample amount 1s typically used for the further determination
of the COD. This part 1s mixed with the reagent solution. The
mixing 1s preferably carried out 1n a sample: reagent solution
volume ratio between 8:1 and 1:5. The mixing 1s particularly
preferably carried out 1n a volume ratio between 5:1 and 2:1.

The mixture of reagent solution and sample should have a
sulfuric acid content between 48 and 65% (w/w).

The mixture 1s subsequently incubated. The incubation 1s
preferably carried out for 20 to 150 minutes at a temperature
between 120 and 180° C.

In order to work 1n conformity with the standard, the
chemical oxidation i1n the determination, 1.e. the incubation,
should be carried out between 145° C. and 135° C., 1deally at
about 150° C., for approximately 2 h.

In order to prevent loss of volatile org. compounds present
in the sample, chemical oxidation 1n a vessel sealed 1n a
gas-tight manner 1s of major advantage. A cell which can be
sealed reversibly 1s therefore preferably employed in accor-
dance with the mvention as reaction vessel.

For the photometric measurement, 1t 1s necessary to have a
clear unclouded measurement solution. To this end, all com-
ponents required for the reaction should dissolve 1n the reac-
tion mixture under the reaction conditions (temperature and
pressure). If masking of chloride possibly remaining in the
mixture using mercury (1I) sulfate 1s carried out, a precipitate
of mercury (II) chloride forms. This settles 1n the cooling
phase typically carried out before the photometric measure-
ment, so that 1t does not interfere with the photometric mea-
surement.

The photometric measurement 1s typically carried out by
measurement of the absorbance at a wavelength in the range
from 300-700 nm. Suitable photometers for this purpose are
all those which are suitable for measurements between 300
nm and 700 nm. The formula for calculation of the COD 1s
known to the person skilled in the art and can be found, for
example, 1n DIN ISO 15703.

It has been found that the method according to the inven-
tion can be additionally improved and made particularly sen-
sitive 1f a sulfuric acid whose COD 1s a maximum of 5 mg/11s
used for the expulsion of the chloride and also for the prepa-
ration of the reagent solution.

By variation of the mixing ratio between sample and
reagent solution and/or measurement at various wavelengths
in the range 1indicated above, the person skilled in the art will
be able to adapt the measurement method to samples having,
a very high or very low COD.
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The present mvention thus provides for the first time a
photometric method for the determination of the COD, with
which samples having a high chloride content can also be
measured. The method furthermore enabled the determina-
tion to be carried out without the toxic and environmentally
harmiul mercury (II) sulfate.

Even without further comments, 1t 1s assumed that a person
skilled 1n the art will be able to utilise the above description in
the broadest scope. The preferred embodiments and examples
should therefore merely be regarded as descriptive disclosure
which 1s absolutely not limiting 1n any way.

The complete disclosure content of all applications, pat-
ents and publications mentioned above and below, 1n particu-
lar the corresponding applications EP 11009778.9, filed on 12
Dec. 2011, 1s incorporated into this application by way of
reference.

EXAMPLES

Preparation of the Reagent Solutions

The reagent solution 1s prepared by mixing 0.3 ml of solu-
tion A, 1.0 ml of solution B and 0.3 ml of solution C.

Prepare solution A by dissolving 15.5% (w/w) mercury (11)
sulfate 1 14.5% (w/w) sulfuric acid.

Prepare solution B by dissolving 0.1% (w/w) potassium
dichromate 1n water. Prepare solution C by dissolving 4.3%
(w/w) silver sulfate 1n water.

Equipment
Reaction cell made from Schott Fiolax® clear tubing glass,
having an external diameter of 16 mm and an internal
diameter of 13.4 mm
Filter photometer or spectrophotometer with device for
measurement ol the reaction cell described at wave-
lengths in the range from 300-700 nm.

Thermoreactors for incubation of the reaction cell

described in the temperature range from 100-180° C.
Magnetic stirrer with adjustable speed from 100-400 rpm
Absorber cartridge for reducing the chloride content 1n

accordance with DIN 38409-41-2

300 ml conical tlasks with ground-glass joint for reducing
the chloride content 1n accordance with DIN 38409-41-2

Absorber material for reducing the chloride content 1n
accordance with DIN 38409-41-2 (for example soda
lime)

0.3-25.0 ml glass or piston pipettes

Performance of the Method

Add 20 ml of sample to a 300 ml conical flask with ground-
glass joint using a glass pipette. Add a magnetic stirrer
bar with a length of 30-50 mm. Subsequently add 25 ml
of 96% (w/w) sulfuric acid using a glass pipette slowly
and with stirring. The temperature of the mixture should
be below 40° C. If necessary, the mixture should be
cooled 1n an ice bath.

Fill an absorber cartridge in accordance with DIN 38409-
42-2 with a suitable absorber material (for example 5 g
of soda lime) and attach to the conical tlask with ground-
glass joint and seal using a glass stopper (sketch see DIN
38409-42-2).

Place the apparatus described on a magnetic stirrer and stir
at a speed of 250 rpm for 2 hours. In the case of samples
having a chloride content of above 10 g/, 1t 1s recom-
mended that the absorber material 1n the absorber car-
tridge be replaced after 1 hour.

During the reduction of the chloride content, fill the reac-
tion cell with the reaction solution. I a ready-to-use test
kit 1s used, this step 1s supertluous.
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After the reduction of the chloride content, remove 5 ml of
the chloride-depleted sample 1n sulfuric acid using a
glass or piston pipette and add to a prepared reaction
cell.

Seal the reaction cell, mix and incubate for 2 hours 1n a
pre-heated thermoreactor at 148° C. Remove the hot cell
from the thermoreactor and place 1n a test-tube rack for
cooling. After 10 minutes, swirl the cell and replace 1n
the test-tube rack for cooling to room temperature.

Measure the measurement sample 1n a photometer at 340
nm.

Evaluation

The evaluation i1s carried out via a calibration function

stored 1n the photometer. The calibration function 1s deter-

mined 1n accordance with ISO 8466-1 and DIN 38402 A51.

The mvention claimed 1s:
1. Method for the determination of the Chemical Oxygen
Demand (COD) content in chloride-containing samples by
a) expulsion of chloride 1ons from a sample by treatment
with sulturic acid
b) mixing of at least some of the sample obtained from step
a), with a reagent solution comprising

0.1 to 2.5% (w/w) potassium dichromate (K,Cr,O-)
0.1 to 2% (w/w) silver sulfate (Ag,SO,)

optionally mercury(1I) sulfate (HgSO,,)

water

sulfuric acid

characterised 1n that the sulfuric acid content of the reagent

solution 1s between 20 and 50% (w/w) and the reagent

solution 1s prepared by mixing solutions which com-

prise:

at least one solution which contains at least potassium
dichromate and water, but no silver sulfate and no
mercury(1I) sulfate, and
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a solution which contains at least silver sulfate and sul-
turic acid, but no mercury sulfate and no potassium
dichromate

¢) incubation of a mixture from step b) for at least 20

minutes at a temperature above 100° C.

d) photometric determination of the COD content of the

mixture from c).

2. Method according to claim 1, characterised in that
method steps b) to d) are carried out 1n a cell which can be
sealed reversibly.

3. Method according to claim 1, characterised in that the
expulsion in step a) 1s carried out using concentrated sulfuric
acid.

4. Method according claim 1, characterised in that the
incubation 1n step ¢) 1s carried out for 20 to 150 minutes at a
temperature between 120 and 180° C.

5. Method according to claim 1, characterised in that the
sample and the reagent solution are mixed 1n step b) in a
sample: reagent solution volume ratio between 5:1 and 1:3.

6. Method according to claim 1, characterised in that the
reagent solution consists only of 0.1 to 2.5% by weight of
potassium dichromate (K,Cr,0-), 0.1 to 2% by weight of
silver sulfate (Ag,SQO,), 20 to 50% by weight of sulfuric acid
and water.

7. Method according to claim 1, characterised in that the
photometric determination 1n step d) 1s carried out by mea-
surement of the absorbance at a wavelength in the range from
300-700 nm.

8. Method according to claim 1, characterised in that sul-
furic acid having a COD of less than 5 mg/1 1s employed 1n
steps a) and b).

9. Method according to claim 1, characterised 1n that sul-
turic acid having a COD ofless than 5 mg/1 1s used for step a).
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